ABSTRACT
INTRODUCTION
Wnt signaling pathway, as a crucial regulator of tissue homeostasis and remodeling, plays key roles in the transdifferentiation between osteogenesis and adipogenesis of bone marrow mesenchymal stem cells (BMMSCs) [1, 2] . The Wnt family is comprised of 19 secreted cysteinerich glycoproteins. Depending on binding to one of the ten different Frizzled receptors and other coreceptors on the cell surface, they activate canonical, noncanonical, or both pathways for transcription of target genes [3] . The canonical Wnt signaling has been implicated in stimulating osteoprogenitor proliferation and osteogenesis [4] . The Wnt signaling represses adipogenesis by blocking the induction of CCAAT/enhance-binding protein-α (CEBPA) and peroxisome proliferator-activated receptor-γ (PPARγ), two master adipogenic transcription factors, and the disruption of Wnt/β-catenin signaling leads to spontaneous adipogenesis [5] .
Osteonecrosis of the femoral head (ONFH) is a complex disease caused by the interaction with the genetic and environmental factors [6] . Multiple gene variants have been proposed as the genetic risk factors of ONFH [7] but its molecular pathogenesis has been remained obscure. ONFH prevalence has been increased in recent decades [8] . Genome-wide association studies (GWAS) have identified that common variants of genes in Wnt signaling associated closely with bone mineral density Research Paper www.impactjournals.com/oncotarget (BMD) and risk of fracture, and several recent GWAS studies demonstrate that genetic variations in Wnt16 are correlated with BMD and risk of fracture in children and adults across multiple populations [9] [10] [11] . However, it has never been reported that the gene variants in the Wnt signaling associate with the development of ONFH. Here, we analyzed the genotypes, allele, haplotype frequencies of 4 variants of glycogen synthase kinase 3 beta (GSK3β) and secreted frizzled-related protein 4 (SFRP4) genes in Wnt signaling and their association with the risk and clinical phenotypes of ONFH in 200 ONFH patients and 177controls in Chinese population.
RESULTS

Genotypes and allele frequencies of 4 variants in the SFRP4 and GSK3β genes between ONFH and control groups
Genotypes and allele frequencies of 4 variants in the SFRP4 and GSK3β genes are shown in Table 1 . X 2 test results showed that the genotypes of SFRP4 rs1052981 (C/T) and rs1802073 (A/C) between ONFH and control groups were no statistical significance, p = 0.161, p = 0.494, respectively; logistic regression analyses further revealed that all models in the two variants, including codominant, dominant, and recessive, failed to show statistical significance (p > 0.05); their allele frequencies were also no statistical difference between ONFH and control groups, p = 0.202, p = 0.351, respectively. The genotypes of GSK3β rs3732361 (A/G) and rs3755557 (A/T) between ONFH and groups showed no statistical significance, p = 0.275, p = 0.622, respectively, and their allele frequencies were also not statistically different between ONFH and control groups, p = 0.938, p = 0.830, respectively.
The association of 4 variants genotypes in the SFRP4 and GSK3β genes with the clinical phenotypes of ONFH
We completed the correlation analysis between the 4 variants genotypes of SFRP4, GSK3β genes and gender, age at onset, etiological classification, unilateral or bilateral hip lesions, and clinical stages of ONFH, respectively. The results confirmed that all genotypes were not shown the statistical association with the clinical phenotypes of ONFH although age onset in the minor homozygous (CC) genotype carriers of SFRP4 rs1052981 (T/C) revealed statistically younger tendency than that of the major homozygous (TT) or heterozygous (TC) of the SNP (P = 0.051) and the male proportion of heterozygous (TC) of GSK3β rs3755557 revealed a increased statistical tendency compared with the female proportion of the TC genotype, P = 0.067, presented in Table 2 .
The haplotypes of 4 variants in the SFRP4
and GSK3β genes and their association with the clinical phenotypes of ONFH We calculated the Linkage disequilibrium (LD) coefficients between the 2 variants in the SFRP4 and GSK3β genes, respectively, using Shesis software platform (http://analysis.bio-x.cn/SHEsisMain.html) on the basic of the variants genotypes, shown in Figure 1 . LD analysis reveals a stronger LD between rs3732361 and rs3755557 of GSK3β gene. Usually, single tag SNP in the stronger LD enough captures the genetic information of correlated variants. However, considering the two variants located in different function (3′UTR or promoter) region might affect their potential association with ONFH, we still genotyped the two variants of GSK3β gene and the results demonstrated that the two variants in stronger LD did show no any association with the development of ONFH. The haplotypes analysis shows that there are the 4 haplotypes of C-A, C-C, T-A, and T-C between rs1052981(C/T) and rs1802073 of SFRP4 gene and the 4 haplotypes were not shown significant difference between ONFH and control groups (p > 0.05) in spite of the decreased C-A haplotype frequency tendency of ONFH group, compared with control group, P = 0.073. There are the 4 haplotypes of A-A, A-T, G-A, and G-T between rs3732361 (A/G) and rs3755557 (A/T) of GSK3β gene, and the haplotypes were not statistically different between ONFH and control groups (P > 0.05), shown in Table 3 . The haplotypes of SFRP4 and GSK3β genes did not show significant association with the hip lesions of ONFH (P > 0.05), shown in Table 4 .
DISCUSSION
Wnt signaling functions, as a molecular switch, determine the balance between osteogenesis and adipogenesis of BMMSCs [12, 4] . BMMSCs are multipotent cells that can differentiate into adipocytes or osteocytes, and the functional changes of BMMSCs differentiation pathway may contribute to the pathogenesis of ONFH [13, 14] . Moreover, interactions associated with the differentiation pathway of BMMSCs that promote adipogenesis and repress osteogenesis are considered as the major factors leading to steroid-related ONFH [15] . BMMSCs may differentiate preferentially into adipocytes rather than osteoblasts during the development of ONFH [16] . In view of the key roles of Wnt signaling in the differentiation of BMMSCs, we analysed the association of 4 variants in the SFRP4 and GSK3β genes of this pathway with the risk and clinical phenotypes of ONFH. Our results found that the genotypes, alleles, haplotypes frequencies of all detected variants in the SFRP4 and GSK3β genes were not significantly different between ONFH and controls groups; in order to explore the effects of the variants on the development of ONFH, we further completed the correlation analysis between the 4 variants genotypes and gender, age at onset, etiological classification, unilateral or bilateral hip lesions, and clinical stages of ONFH, respectively. These results further confirmed that all variants analyzed did not show statistical association with clinical phenotypes of ONFH, which suggests that the variants detected in this study are unlikely to be associated with susceptibility to ONFH.
SFRP4 is a member of the SFRP family that contains a cysteine-rich domain homologous to the putative Wntbinding site of frizzled proteins. SFRPs act as soluble modulators of Wnt signaling, and SFRP4 has been identified as a molecular link between islet inflammation and defective insulin secretion. SFRP4 influences a wide scope of genes of Wnt signaling and several genes variants from the pathway have been linked to the pathogenesis of Type 2 diabetes mellitus [17] . SFRP4 is secreted by multiple tissues including adipose tissue, which contributes the elevated circulating SFRP4 level in obesity [18] . The genetic studies provided evidence that recessive mutations in SFRP4 are a cause of Pyle's disease, and the mouse model in SFRP4 mutations reproduced the human phenotype to a remarkable degree, which showed that the phenotype was due to the differential regulation of Wnt signaling and BMP signaling. Deletion of SFRP4 activated predominantly canonical Wnt signaling in trabecular bone, leading to increased trabecular bone mass [19] . A study to detect the differentially expressed genes (DEGs) between ossified herniated discs and herniated discs without ossification showed that three of the top 20 DEGs, including sclerostin, WNT inhibitory factor 1, and SFRP4 etc were correlated with the inhibition of Wnt pathway, which suggested that Wnt pathway abnormality and local inflammation may be correlated with disc ossification [20] .
The protein encoded by GSK3β gene is a serinethreonine kinase, belonging to the glycogen synthase kinase subfamily. It involved in energy metabolism, neuronal cell development, and body pattern formation. Variants of GSK3β gene have been implicated in relating to risk of Parkinson disease (PD), and studies in mice show that overexpression of this gene may be relevant to the pathogenesis of Alzheimer's disease. GSK3, as an enzyme of intracellular signaling and metabolic control of the cell, is among the molecular constraints which keep chondrocytes in the "arrested state" [21] , and it belongs to the β-catenin degradation complex and acts by keeping an inactive phosphorylated form of β-catenin thus preventing its nuclear translocation and transcriptional activation of lymphoid enhancer factor/T cell factor transcription factors (LEF/TCF) complex. A tightly regulated level of β-catenin signaling must be guaranteed for a healthy articular cartilage [22] .
Previous studies have demonstrated that human osteoarthritis (OA) tissues over-express smad ubiquitin regulatory factor2 (Smurf2), whose conditional overexpression in mice is followed by inhibition and proteasomal degradation of GSK3β, upregulation of β-catenin, and articular cartilage degeneration [23, 24] . Metabolic Syndrome (MetS) is a global epidemic, affecting 23% of the general population with more than 2.5 fold prevalence in OA patients and indeed greatly worsen the risk of occurrence and progression of knee OA [25, 26] . A study for the extent of GSK3β inactivation in OA knee cartilage explants found occurrence of articular chondrocytes with inactive GSK3β in obese patients thus hinting at GSK3β as one potential mechanism whereby metabolic factors impact on OA [27] . A Greek study was the first to show that GSK3βrs334558 was related to PD, homozygous CC served a protective effect in PD [28] , and a result from Australian population revealed that homozygous TT frequency of this SNP in PD patients was significantly increased compared to control subjects [29] while a result from Chinese population did not find any significant difference in allele-wise and genotype-wise analysis for GSK3βrs334558 between PD patients and controls. To our knowledge, there were no report of an association of SFRP4 and GSK3βpolymorphisms with the development of ONFH. We speculated that SFRP4 and GSK3β,as crucial proteins of Wnt signaling, might exert an important effect on the development of ONFH, and their polymorphisms might involved in ONFH risk. Therefore, we selected SFRP4 and GSK3βgenes as potential candidate genes for susceptibility to ONFH. Our results demonstrated that the genotypes, allele, haplotype frequencies of 4 variants detected in the GSK3βand SFRP4 genes and their association with the risk and clinical phenotypes of ONFH did not show statistical significance between 200 ONFH patients and 177controls. Nevertheless, the association of the variants in the SFRP4 and GSK3βgenes with the risk and development of ONFH need to be further investigated with larger cohort studies.
The genes and their variants selection are a crucial element for exploring the effects of gene variants on a complex disease. The most important consideration is that new genes and their variants need to be identified to maximise the potential for associations [30] . Our major concern was the variants in promoter, 3-UTR, and coding region with the consideration of potential effects of them on the gene expression and gene function. Generally, variants in promoter and 3-UTR regions potentially contribute to differential gene expression, presumably affecting the binding of transcription factors to DNA. Therefore, we selected the 1 variant in promoter and 3-UTR region of GSK3β gene, the 1 variant in 3-UTR region of SFRP4 gene, respectively as target variants. Moreover, in view of the possible effects of variants in exons on protein expression, function or activity, we also selected the 1variant in coding region of SFRP4 gene, as target variant. In spite of the 4 variants detected in this study failing to show statistical association with ONFH risk, the optimal selection strategy will further improve the association investigation of the other variants in the SFRP4 and GSK3β genes as well as the other genes of Wnt signaling pathway with the risk and development of ONFH.
Our study has some limitations. First, the 377 cohort study attributes to smaller samples system, which may limit our statistical power to detect small differences between ONFH and control groups, especially for the subgroups analysis between the genotypes and clinical phenotypes. Second, we failed to detect the gene expression duo to the samples limitation. In future study, it is very significant to analyse the effects of the variants on the gene expression in larger sample system to identify their roles in the development of ONFH.
In conclusion, our results were not found the evidence supporting the 4 variants of SFRP4 and GSK3β genes associated with the risk and development of ONFH in Chinese population, which suggest that the variants analyzed in this study are unlikely to be associated with susceptibility to ONFH.
MATERIALS AND METHODS
Individuals
Unrelated ONFH patients (132 men, 68 women; age: 52.8 ±9.7 yr) and 177 control individuals (112 men, 65 women; age: 50.73 ±11.02 yr ) who visited The Department of Orthopedics from March, 2014 to June, 2015 and the Health Examination Centre of Second Clinical College of Jilin University, (Changchun, China) from October 2014 to December 2014 in the study, respectively. The ONFH patients concurrent with direct trauma, severe chronic diseases, such as cardiovascular diseases, congenital diseases, human immunodeficiency virus (HIV) infection, diabetes mellitus, renal dysfunction, and cancer were excluded. ONFH were diagnosed by evidence of osteonecrosis using plain radiographs in The unilateral and bilateral hips lesions were 76 cases (42.5%) and 103cases (57.5%), respectively. There were 21cases of ONFH patients who failed to undergo the clinical stages or aetiological classification duo to the defect of plain radiographs or unclear aetiological factors. Health control subjects were defined in the same way as reference [32] . All of the 377 participants were Han Chinese from northeast China. The study was approved by the ethics committee of the Second Clinical College of Jilin University, Changchun, China, and conformed to the current ethical principles of the Declaration of Helsinki. All participants provided informed consent for their taking part in the study.
Genomic DNA extraction and variants selection
Genomic DNA was extracted from whole blood samples using the genomic DNA extraction kit (DP318, TianGen, BeiJing, China) according to the manufacturer's protocols. The HapMap database and related literature were used to select variants of the genes by analysing their population distribution in different countries, nationalities and regions, particularly in data from an Asian population. The database: http://gvs.gs. washington. edu /GVS138/ was used to select variants. The search scope of the genes was from the upstream 2000bp to downstream 1000bp of GSK3β and SFRP4 genes, respectively. The selection criteria of variants included in r 2 > 0.8 or D' = 1; Minority allele A frequencies > 0.05. Rs1802073 (T/G) in coding region and rs1052981 (G/A) in 3-UTR region of SFRP4 gene, rs3732361 (G/A) in 3-UTR region and rs3755557 (A/T) in promoter region of GSK3β gene were selected, shown in Table 5 .
Genotyping
Primers for polymerase chain reaction and sequencing were designed by Sequenom Assay Design 3.1 software (Sequenom, San Diego, CA, USA) following the manufacturer's instructions, shown in Table 6 .The quality inspection of the sequencing primer was completed by matrix assisted laser desorption ionization time-offlight mass spectrometry (MALDI-TOF). Mass ARRAY ® platform (Sequenom Analyzer 4, Inc., San Diego, CA, USA) was used to analyse the 4 variants polymorphisms in the SFRP4 and GSK3β genes. The genotyping success rates for the 4SNPs were > 95%, respectively. The linkage disequilibrium analysis and Call Cluster Plot of the 4SNPs are presented in Figure 1 and Figure 2 , respectively.
Statistical analysis
Statistical analysis was followed a prior study of our group [32] . Briefly, Shesis software platform (http:// analysis.bio-x.cn/SHEsisMain.html) was used to analyse the Hardy-Weinberg equilibrium and haplotypes between the ONFH and control groups and their associations with the clinical phenotypes of ONFH. In addition, logistical regression analyses were performed to calculate the odds ratios (OR), 95% confidence intervals (CI), and corresponding p-values of each variants controlling for age and sex as covariates. The genetic models of dominant, recessive, and codominant were considered. SPSS10.0 software (X 2 test) was used to analyse the association of the genes polymorphisms with clinical phenotypes of ONFH. A p-value of < 0.05 was considered statistically significant.
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